In vitro and in vivo animal studies suggest that dietary carbohydrates play a role in cataractogenesis. Few epidemiologic studies have been conducted to evaluate this association. The objective of this study was to examine the cross-sectional associations between total carbohydrate intake, dietary glycemic index (dGI), and the risk of cortical and nuclear cataracts. METHODS. After excluding 864 persons from 2473 eligible participants, 1609 eligible nondiabetic participants (mean age, 57.6 years, 55.9% female) in the Melbourne Visual Impairment Project (VIP) were enrolled. Dietary information derived from a semiquantitative food-frequency questionnaire and cataract status graded by the Wilmer protocol (cortical cataract: opacity Ն4/16; nuclear cataract grade Ն2) were collected. With the use of the generalized estimating approach to logistic regression to account for the lack of independence between the eyes of an individual, the associations between dietary carbohydrates and risk of cataract in eyes with no or a single type (pure) of cataract were examined. RESULTS. Multivariate adjustment showed that pure cortical cataract (197 eyes) was significantly associated with total carbohydrate intake (odds ratio [OR] comparing the highest quartile with the lowest quartile ϭ 3.19, 95% confidence interval [CI] ϭ 1.10 -9.27; P trend ϭ 0.017). The OR for nuclear cataract (366 eyes) comparing the third quartile of dGI with the first quartile (OR ϭ 1.64, 95% CI ϭ 1.02-2.65) was significant, but there was not a consistent dose-response association (P trend ϭ 0.75). CONCLUSIONS. Carbohydrate intake may be optimized to prolong eye lens function. Because of the high proportion of subjects with missing covariates, these results warrant further study. (Invest Ophthalmol Vis Sci.
PURPOSE.
In vitro and in vivo animal studies suggest that dietary carbohydrates play a role in cataractogenesis. Few epidemiologic studies have been conducted to evaluate this association. The objective of this study was to examine the cross-sectional associations between total carbohydrate intake, dietary glycemic index (dGI), and the risk of cortical and nuclear cataracts. METHODS. After excluding 864 persons from 2473 eligible participants, 1609 eligible nondiabetic participants (mean age, 57.6 years, 55.9% female) in the Melbourne Visual Impairment Project (VIP) were enrolled. Dietary information derived from a semiquantitative food-frequency questionnaire and cataract status graded by the Wilmer protocol (cortical cataract: opacity Ն4/16; nuclear cataract grade Ն2) were collected. With the use of the generalized estimating approach to logistic regression to account for the lack of independence between the eyes of an individual, the associations between dietary carbohydrates and risk of cataract in eyes with no or a single type (pure) of cataract were examined. RESULTS. Multivariate adjustment showed that pure cortical cataract (197 eyes) was significantly associated with total carbohydrate intake (odds ratio [OR] comparing the highest quartile with the lowest quartile ϭ 3.19, 95% confidence interval [CI] ϭ 1. 10 -9.27 ; P trend ϭ 0.017). The OR for nuclear cataract (366 eyes) comparing the third quartile of dGI with the first quartile (OR ϭ 1.64, 95% CI ϭ 1.02-2.65) was significant, but there was not a consistent dose-response association (P trend ϭ 0.75). CONCLUSIONS. Carbohydrate intake may be optimized to prolong eye lens function. Because of the high proportion of subjects with missing covariates, these results warrant further study. (Invest Ophthalmol Vis Sci. 2010;51:2897-2905) DOI: 10.1167/iovs.08-2824 C ataract remains the leading cause of visual impairment in the world. 1 In less-developed countries cataract often results in blindness. Although in developed countries cataract surgery is usually available and effective, it imposes a heavy personal and societal economic burden. 2 With the aging of the population, the situation will be exacerbated. Therefore, prevention through modifying known risk factors appears to offer the best approach to this major personal and public health issue. Dietary intervention may be one of the most practical and cost-effective solutions if appropriate risk factors are identified. 3, 4 The overall impression from the many observational studies is that antioxidant intake can be optimized to prolong eye lens function, 3 but large-scale intervention trials showed mixed results. [5] [6] [7] [8] [9] [10] [11] [12] Thus, it is critical to identify and research additional prevention strategies.
Considerable evidence has linked aberrant glucose metabolism or diabetes to cataract risk, and in vitro and in vivo animal studies also suggest that carbohydrates play an important role in cataractogenesis. [13] [14] [15] However, only limited attention has been given to elucidating relations between risk of cataract and dietary carbohydrate intake in humans. 16 -22 Our previous investigations in the Nutrition and Vision Project (NVP) of the Nurses' Health Study (NHS) 20 and the Age-Related Eye Disease Study (AREDS) of the National Eye Institute (NEI), National Institutes of Health (NIH) 21 suggest that dietary carbohydrate is associated with the risk of both cortical and nuclear cataracts, which together account for more than 80% of cataract cases. 23 The glycemic index (GI) was devised to measure how fast a carbohydrate-containing food can raise blood glucose. All dietary constituents can be integrated to obtain a dietary GI (dGI), which can be used as a measure of quality and pattern of dietary carbohydrate. The result can be distinguished from the simple measure of total carbohydrate intake (grams per day).
In this cross-sectional analysis of data from the Melbourne Visual Impairment Project (VIP) at the 5-year follow-up visit, 24 we examined the relationship between two aspects of carbohydrate nutrition-total carbohydrate intake and dGI-and the prevalence of cortical and nuclear cataracts in an older Australian population.
METHODS

VIP Study Population
The Melbourne VIP is a population-based, prospective study established to assess the clinical course, prognosis, risk factors, and prevention strategy for eye disease. 24 The protocol was approved by the Human Research and Ethics Committee of the Royal Victorian Eye and Ear Hospital and conformed to the Declaration of Helsinki for research involving human subjects. Informed consent was obtained from participants before enrollment. Eligible participants were recruited via a household census from the permanent residents in nine pairs of census collector districts randomly selected from the Melbourne Statistical Division. A total of 3271 participants, aged over 40 years at baseline recruitment, were enrolled from 1992 to 1994. Data on possible risk factors for cataract were obtained from a baseline general physical examination, ophthalmic photography, a detailed questionnaire on basic characteristics and demographic data at the time of the household census. From 1997 through 1999, all participants were traced, and those still living in the selected areas were invited to return to locally established test sites for a 5-year follow-up examination. Reported deaths were confirmed through the National Death Index at the Australian Institute for Health and Welfare in Canberra. The follow-up examinations were attended by 2594 participants and involved the same protocol as was used at baseline. In addition, a validated foodfrequency questionnaire (FFQ) was administered. 25
Ophthalmic Procedures
Similar standardized ophthalmic examinations were conducted at baseline and the 5-year follow-up visits. Presenting and best corrected visual acuity was measured with a 4-m logMAR chart. Visual field assessment was performed with a visual field perimeter (Humphrey Field Analyzer, 24-2 Fastpac statistical program; Carl Zeiss Meditec, Inc., Dublin, CA). Intraocular pressure was measured with a handheld tonometer (Tonopen; Oculab, Glendale, CA) and confirmed by a Goldmann applanation tonometer.
A slit lamp biomicroscopic examination was performed after pupil dilation to a minimum of 6 mm with tropicamide and phenylephrine. Lens opacities were graded clinically at the time of the examination and subsequently from photographs according to the Wilmer cataract grading system. 26 The cortex was assessed on retroillumination, and the nucleus was assessed with a slit lamp. Cortical cataract was defined as 4/16 or greater opacity, nuclear cataract was defined as Wilmer standard grade 2 or higher, and posterior subcapsular (PSC) cataract was defined as PSC opacity Ն1 mm 2 .
Photographs were graded by two research assistants at both baseline and follow-up, and discrepancies were adjudicated by an independent reviewer. The measurement error associated with photographic grading of the lens was determined by regrading a sample of baseline photographs at follow-up. 27 Clinical grades were used when photographic grades were not available. Photographic grades were available for more than 80% of the cohort for the three types of cataract. The agreement between clinical opacity and photographic grades was 0.86, 0.89, and 0.73 for cortical, nuclear, and PSC, cataract, respectively. These coefficients indicate good agreement for all three types of opacity. 28 Figure 1 shows the recruitment scheme of participants from the VIP and the distribution of specific cataract types in the present study. Prior diagnosis of diabetes was determined with a comprehensive interview performed at the test site. 24 The questions relating to diabetes have been validated and used by Welborn et al. 29 2594 participants at the follow-up visit, we identified and excluded the 121 diabetic persons, because diabetes is a strong confounder of the associations that were of interest to us. An additional 864 persons were excluded from the remaining 2473 eligible participants. These include 797 persons with missing covariates (the majority [n ϭ 457] of which were due to missing data on BMI), 40 with invalid calorie intake (valid intake ranging from 400 to 3,000 calories (1,674 -12,552 kJ) for the women and 600 to 3,500 calories (2,510 -14,644 kJ) for the men, and 27 with bilateral missing cataract data. As a result, 3217 eyes of 1609 persons were included, with 1 person contributing only one eye. For maximum statistical power, we evaluated associations between indicators of carbohydrate nutrition and cataract with eyes used as the unit of analysis. Only eyes with pure cataract (with only one type of cataract) were used as cases, and those without any type of cataract were controls (see the Statistical Methods section). By using eyes as the unit, we considered and categorized every eye independently (i.e., without reference to the type of opacity or opacity grade in the fellow eye). The 189 eyes with mixed cataracts were not used, because the various cataracts may have had multiple but not necessarily mutually exclusive etiologies, and because using mixed cataracts may have reduce our power to detect associations with specific types of cataracts. The 2948 eyes composed of 197 eyes with pure cortical cataract, 366 eyes with pure nuclear cataract, and 2385 eyes without any type of cataract came from 1550 participants; 152 participants contributed only one eye.
Study Subjects
Assessment of Dietary Variables
The semiquantitative FFQ administered at the follow-up examination (1997-1999) was developed and validated by the Cancer Council of Victoria (CCV) Australia for use in the ethnically diverse Australian population. 25 It includes 74 food items in four categories, with 10 frequency options for each, ranging from never to three or more times daily, and three questions on alcohol intake. Participants were asked to identify usual portion sizes from a series of photographs in the FFQ and to select the frequency of consumption for each food over the past year. The daily nutrient intake of an individual was calculated by summing the products of the frequency, portion size, and nutrient composition data for each food item. Nutrient composition data were derived from NUTTAB, 31 an Australian fatty acid database (RMIT) and U.S. Department of Agriculture carotenoid tables. 32 We assessed carbohydrate quality by using the GI, as previously described. 33 Jenkins et al. 34 developed the GI to facilitate identification of potentially clinically useful foods that result in relatively low glycemic responses. The GI for foods is defined as the glycemic response (i.e., the area under the glucose response curve up to 2 hours) after consumption of a fixed amount of carbohydrate from a test food, relative to the glycemic response to a reference food. The GIs for foods in the FFQ were derived either from published values, with glucose as the reference food, or imputed from GI values of comparable foods. 35 The dGI for each subject was calculated as the weighted average of the GI scores for each food item, with the amount of carbohydrate consumed from each food item as the weight:
Defining Covariates
For our analyses, age, sex, education level, country of birth, body mass index (BMI; kilograms weight/height in meters squared), hypertension history, presence of AMD, alcohol intake (grams per day), smoking in pack-years, sunlight exposure (hours per day), 37 dietary vitamin C (milligrams per day), vitamin E (milligrams per day), ␤-carotene (micrograms per day), lutein and zeaxanthin (micrograms per day), zinc (milligrams per day), total fat (grams per day), linoleic acid (grams per day), ␣-linolenic acid (grams per day), eicosapentaenoic acid (EPA; grams per day), docosahexaenoic acid (DHA; grams per day), total carbohydrate intake (grams per day), and dGI were the covariates. All nutrient variables were adjusted for total energy intake using the residual method. 38
Statistical Methods
To determine whether the 864 excluded eligible persons were different from the 1609 participants ( Fig. 1 ), we used means, medians (when values were not normally distributed), or proportions (for categorical variables), as appropriate, to compare participants and nonparticipants in terms of basic characteristics, including age, sex, education level, country of birth, BMI, hypertension history, presence of AMD, alcohol intake, pack-years smoked, and sunlight exposure ( Table 1) .
We estimated odds ratios (ORs) relating carbohydrate intake and dGI to cortical and nuclear cataract by logistic regression analysis (PROC GENMOD; SAS, ver. 9.1; SAS Institute Inc, Cary, NC). The procedure uses the generalized estimating equation (GEE) method to estimate the coefficients and adjust the standard errors of the model terms for the correlated data resulting from repeated measurements (both eyes) on the same individual. 39 The comparison group for the eyes with cortical cataract (n ϭ 197) and the eyes with nuclear cataract (n ϭ 366) was the group of eyes with no cataract (n ϭ 2385; Fig. 1 ). Participants were divided into quartile categories according to their dGI or total carbohydrate intake. For each variable, participants in the lowest 25% of the distribution comprised the referent category. The 26 for the men. To evaluate the confounding effects from different covariates in the multivariate analysis, we grouped covariates into three groups: nondietary variables, micronutrient variables, and fat variables. The nondietary variables include age, sex, education, country of birth, BMI, daily alcohol intake, pack-years of smoking, sunlight exposure, and AMD status. The micronutrient variables were energy-adjusted dietary vitamin C, vitamin E, ␤-carotene, zinc, and lutein/zeaxanthin intake. The fat variables include energy-adjusted linoleic acid, ␣-linolenic acid, EPA, DHA, and total fat intake. All models were mutually adjusted for energyadjusted dGI or total carbohydrate intake. We estimated ORs from four models. Model 1 adjusted for the nondietary group only. Model 2 further adjusted for micronutrient variables. The fat variables were included in model 3. In model 4, the full model, all nondietary and dietary variables were included.
To test for trends across total carbohydrate and dGI categories, we assigned the median value in each category to everyone within the category and then included it as a continuous variable in the logistic regression models. The medians for total carbohydrate intake categories were 144.54, 160.81, 174.52, and 191.06 g/d for the women and 170. 21, 190.69, 206 .95, and 229.74 g/d for the men. The medians for dGI categories were 47.45, 50.73, 53.62, and 57.60 for the women and 49.74, 52.76, 55.80, and 59.66 for the men.
We set the significance level at P Ͻ 0.05.
RESULTS
In the comparison with the 1609 participants, the 864 excluded eligible persons were more likely not to have been born in Australia (P Ͻ 0.001), were less likely to have a college education (P ϭ 0.037), had less sunlight exposure (P ϭ 0.048), and were less likely to have a history of hypertension (P ϭ 0.048; Table 1 ). They were similar in terms of age, sex, BMI, daily alcohol consumption, and history of AMD.
In the multivariate analysis of total carbohydrate intake ( Table 2) , adjusted for either nondietary variables alone or for nondietary plus micronutrient variables, we did not find a significant association between total carbohydrate intake and the risk of cortical cataract. However, in the model adjusted for fat and nondietary variables, we found a positive relationship between total carbohydrate intake and risk of cortical cataract (OR for the highest quartile ϭ 2.43, 95% confidence interval [CI] ϭ 0.97-6.10; P ϭ 0.06, P trend ϭ 0.033). This result implies that the association between total carbohydrate intake and risk of cortical cataract was confounded by dietary fat intake in our study sample. In the model adjusted for all dietary and nondietary variables, the relationship remained and became somewhat stronger (OR for the highest quartile ϭ 3.19, 95% CI ϭ 1.10 -9.27; P trend ϭ 0.017).
There were significant negative correlations between intakes of total carbohydrate and total fat (r ϭ Ϫ0.32, P Ͻ † Cortical cataract was defined as Wilmer cortical opacity grade 2 or greater (4/16 or more of pupil circumference). The unit of analysis was the eye; n (%) refers to the number (percentage) of eyes in the category.
‡ Nondietary variables included age, sex, education, country of birth, BMI, daily alcohol intake, pack-years of smoking, sunlight exposure, and AMD status. Micronutrient variables included energy-adjusted dietary vitamin C, vitamin E, ␤-carotene, zinc, and lutein/zeaxanthin intake. Fat variables included energy-adjusted linoleic acid, ␣-linolenic acid, eicosapentaenoic acid, docosahexaenoic acid, and total fat intake. All models were mutually adjusted for energy-adjusted dGI or total carbohydrate intake. Dietary variables included micronutrient variables and fat variables. No opacity comprised the control group. The results derived from further adjusting for dietary protein in the model were similar-that is, a significant association between cortical cataract and total carbohydrate intake was noted (P trend ϭ 0.013); the ORs (95% CI) adjusted for nondietary and all dietary variables (including protein) were 1 (referent), 1.74 (0.87-3.45), 2.61 (1.08 -6.31), and 3.50 ( 0.0001), linoleic acid (r ϭ Ϫ0.064, P ϭ 0.01), ␣-linolenic acid (r ϭ Ϫ0.12, P Ͻ 0.0001), EPA (r ϭ Ϫ0.11, P Ͻ 0.0001), and DHA (r ϭ Ϫ0.13, P Ͻ 0.0001). Among these fat variables, only total fat intake was significantly associated with the risk of cortical cataract (multivariate OR ϭ 1.04, 95% CI ϭ 1.01-1.08). However, we did not find a significant interaction between total carbohydrate and fat intakes (P ϭ 0.91).
In the analysis of dGI and risk of cortical cataract, we did not find significant associations (Table 2) .
For nuclear cataract, the P values of the 2 tests of independence with total carbohydrate intake and dGI are 0.047 and 0.075, respectively, suggesting an association between nuclear cataract and dietary carbohydrate (Table 3 ). However, in the multivariate analysis (Table 3 ) there were no significant relationships between total carbohydrate intake and risk of nuclear cataract in any of the models. In the analysis of dGI, compared with the lowest quartile, the third quartile showed an increased risk of nuclear cataract (OR ϭ 1.64, 95% CI ϭ 1.02-2.65, adjusted for dietary and nondietary variables). No significant trend across dGI quartiles was found.
To evaluate the impact of missing BMI data on our results, we also analyzed the data by not selecting for the presence of BMI data. Similar results were noted, which indicates that the conclusion is not changed even when those without BMI data are included in the analysis. The ORs (95% CI) for the quartile categories for the association between cortical cataract and total carbohydrate intake were 1.29 (0.71-2.35), 2.02 (0.94 -4.33), and 2.71 (0.99 -7.41), respectively, with P trend ϭ 0.0213.
To further evaluate the impact of diabetic status on our findings, we also analyzed the data by including diabetic participants and adjusting for diabetic status in the multivariate logistic models. The results were similar and would not change our conclusion. The ORs (95% CI) for the quartile categories for the association between cortical cataract and total carbohydrate intake were 1.43 (0.79 -2.61), 2.09 (0.94 -4.63), and 2.50 (0.88 -7.07), respectively, with P ϭ 0.0312 for trend.
We used mixed-opacity definitions and reanalyzed the data (Table 4 ). Unlike in the pure opacity analysis (Tables 2, 3), the types of cataract by the mixed-opacity definitions were defined without reference to the presence of other types of cataract. The mixed results showed similar patterns and trends to the results obtained when pure opacities were used, consistent with our experience in analyzing data from the NVP of the NHS and the AREDS, 20, 21 in which use of pure opacity in data analysis increased statistical power.
There may be concern that excluding eyes with mixed opacity will result in the exclusion of eyes with the most severe opacity and thus affect the observed associations. To evaluate for this bias, instead of using pure-opacity definitions, we defined cataract without regard to other types of opacity (i.e., mixed opacity) to examine the association between cortical opacity and total carbohydrate intake. No significant association was found at the cutoff points of 4/16, 6/16, and 8/16 for cortical opacity. A marginally significant trend suggested a positive association at the cutoff point of 2/16; the ORs (95% CI) per quartile categories for the association between cortical cataract and total carbohydrate intake were 1.20 (0.72-2.00), 1.76 (0.91-3.39), and 2.12 (0.86 -5.26), respectively, with P trend ϭ 0.0534. These results implied that the observed association is mainly with earlier stages of cortical opacity. Table 2 . † Nuclear cataract was defined as Wilmer nuclear opacity standard grade 2.0 or greater. The unit of analysis was the eye; n (%) refers to the number (percentage) of eyes in the category.
‡ Results were adjusted for dietary and nondietary variables. Nondietary, micronutrient, and fat variables are as described in Table 2 . All models were mutually adjusted for energy-adjusted dGI or total carbohydrate intake. Dietary variables included micronutrient variables and fat variables. No opacity comprised the control group. The results derived from further adjusting dietary protein intake in the model were similar-that is, except for a sporadically significant OR (95% CI) of 1.65 (1.02-2.67) at the third quartile category of dGI, no association between nuclear cataract and dGI was found (P trend ϭ 0.75); the ORs (95% CI) adjusted for nondietary and all dietary variables (including protein) were 1 (referent), 0.82 (0.51-1.33), 1.65 (1.02-2.67), and 0.89 (0.52-1.53) for the quartile categories, respectively.
§ Derived from 2 test of independence between total carbohydrate intake or dGI categories and nuclear cataract. Derived from the test for trend across categories of total carbohydrate intake or dietary GI. The test for trend was assessed by using the median within each category as a continuous variable. The medians for total carbohydrate intake and dGI categories are as in Table 2 .
¶ Weighted average of the GI scores for each food item, with the amount of carbohydrate consumed from each food item as the weight.
DISCUSSION
Results from the present cross-sectional analysis are consistent with the epidemiologic data showing that there is a positive relation between total carbohydrate intake and risk of cortical cataract ( Fig. 2A) . 16,20 -22 Despite the difference across studies in the period covered by dietary questionnaires, and the cutoff points for defining cortical opacities, similar findings have been reported in three other studies in U.S. as well as Australian populations, including the NVP of the NHS, the AREDS, and the baseline Blue Mountains Eye Study (BMES). 16, 20, 21 The baseline BMES, 16 the AREDS, 21 and the present study evaluated shortterm diet (the past year), whereas the NVP study evaluated long-term diet (previous 14 years). 20 The baseline BMES and the present study used cutoff points for cortical opacities that were comparable to the cutoff point used for moderate cortical opacities in the AREDS, 16, 21 whereas in the NVP a cutoff point for cortical opacities was used that was similar to that for mild cortical opacities in the AREDS.
In several studies, researchers tried to relate dietary carbohydrate to nuclear cataract (Fig. 2B ) or cataract extraction (Fig.  2C ). [17] [18] [19] 21 Neither the NVP nor the full NHS found an association between dGI and nuclear cataract, but they had different end points: early opacities in the NVP and cataract extraction in the full NHS. 19, 20 Because both dGI and cataract have been related to major systemic diseases or mortality, 40 -49 using late stages of cataract as an end point may increase the possibility of survival bias. 21 Also, cataract extraction is performed at highly variable extents of opacification. In contrast, AREDS found a positive association between dGI and nuclear cataract. 21 In the present study, we found only an increased risk of nuclear cataract in the third quartile of dGI compared with the first quartile, without a significant dose-response relationship. Although similar end points for nuclear cataract, comparable to Table 2 . † No cataract, n ϭ 2385. Cortical cataract (n ϭ 323) was defined as Wilmer cortical opacity grade 2 or greater (4/16 or more of pupil circumference). Nuclear cataract (n ϭ 525) was defined as Wilmer nuclear opacity standard grade 2 or greater. Types of cataract were defined without reference to the presence of other types of cataract. The unit of analysis was the eye; n (%) refers to the number (percentage) of eyes in the category.
‡ Results were adjusted for nondietary and all dietary variables. Nondietary, micronutrient, and fat variables are as described in Table 2 . All models were mutually adjusted for energy-adjusted dGI or total carbohydrate intake. Dietary variables included micronutrient variables and fat variables. No opacity comprised the control group.
§ Derived from 2 test of independence between total carbohydrate intake or dGI categories and cataract.
Derived from the test for trend across categories of total carbohydrate intake or dGI. The test for trend was assessed by using the median within each category as a continuous variable. The medians for total carbohydrate intake and dGI categories are as in Table 2 .
¶ The weighted average of the GI scores for each food item, with the amount of carbohydrate consumed from each food item as the weight. those for mild nuclear opacities in the AREDS, were used in the NVP and the present study, differences between studies in the sample size, study design, and participants' ethnic backgrounds may explain the difference in findings. These factors may also explain the inconsistent findings for cortical cataract between the 10-year follow-up in the BMES and other studies, including the baseline results in the BMES, per se. 16,19 -22 In the 10-year follow-up in the BMES, the investigators found that poorer dietary carbohydrate quality (high dGI), but not quantity, predicted incident cortical cataract. 22 In the baseline BMES, GI was not examined, although the top quintile of total carbohydrate intake had increased OR for cortical cataract. Thus, findings at baseline and in the 10-year follow-up in the BMES indicate that dietary carbohydrate affects the risk of cortical cataract, but this inconsistency needs further clarification.
Whereas the risk of cortical opacity has been related to total carbohydrate intake, there has been no report of a significant association between total carbohydrate intake and nuclear cataract. This corroborates our prior hypotheses that there are etiologic differences between nuclear and cortical cataract. 20, 21 However, specific mechanisms involved in different tissues and diseases may vary and remain to be clarified.
Our study had several strengths. First, by recruiting participants from a well-characterized cohort, we were able to use the standardized procedures for collection of risk factor information and classification of lens opacity. Second, it is unlikely that participants with high carbohydrate or dGI diets were more likely to be identified as cases, because lens opacity grading was performed by graders masked to our nutrition data. Third, although the onset of visual symptoms resulting from lens opacities may affect the dietary reporting, it is unlikely that the participants would have modified their dietary carbohydrate reports based on such relations, because at the time of this study there were no prior studies that showed associations between dietary carbohydrate and lens opacities. Fourth, in our dGI compilation, we chose the GI of Australian food items for apparently similar foods in the international table of GI and glycemic load values. 33, 35 It is unlikely that nondifferential misclassification in our dGI compilation could explain our findings, because dietary analysis was conducted independent of ophthalmic data. Finally, using eyes as the unit of analysis not only increased our statistical power but also allowed us to control confounding by excluding eyes with more than one type of opacity, because different types of cataract may have different risk factors.
It is unlikely that characteristics associated with poor use of services confounded the carbohydrate-cataract associations in the VIP cohort because, first, the prevalence of cataract surgery for both cortical and nuclear cataract in the VIP cohort was less than 10%. 27, 28 Second, in our multivariate analysis, we found that education level, which is one of the important characteristics associated with poor use of services, did not confound the associations of our interest. Third, our current findings A. Dietary carbohydrate and cortical cataract 1 support previous hypotheses that the mechanisms of cataractogenesis do not vary by sex or socioeconomic status, since we did not find significant interactions with these variables. 20, 21 In our confounder analysis, total fat intake was significantly associated with the risk of cortical cataract. However, because fat factors are subcomponents of one another and the various variables in the model depend on the question to be addressed, 50 clearly the potential association between fat intake and cataract deserves further study. 51, 52 The high proportion (30.7%) of participants with missing covariates and missing BMI data accounted for most of these (21.7%) may raise concerns that should be addressed in further studies.
In summary, this study adds additional support to the nascent body of epidemiologic evidence that dietary carbohydrate intake is a modifiable risk factor for the prevention of cataract. Further mechanistic studies and randomized trials would be helpful for developing therapeutic and preventive strategies to address this global epidemic.
